One o f t h e most p o w e r f u l t o o l s o f s c i e n c e i s a n a l o g y . W e u s e d i t i n t h e s e a r c h f o r g u i d e l i n e s f o r a p o s s i b l e g e n e r a l model o f t h e e v o l u t i o n o f man's e n e r g y procurement.
The c h o i c e o f b i o s y s t e m s a s t h e b a s i s f o r t h e a n a l o g y , a n d t h e e v o l u t i o n i n t h e i r ways o f t a p p i n g p r i m a r y e n e r g i e s , i s p u r e l y h e u r i s t i c .
SUMMARY
The problems man is facing in his search for energy resources and ways of using energy should not be a priori different from those encountered by biosystems in the course of their evolution: we live in the same world and the rules of the game are similar.
How the analogy can be drawn is shown in this paper; so too is the excellent fit between the two evolutionary paths. A very tentative scenario is drawn for the future, by extending the parallelism' a bit forward in time.
A s you h e a r d from my b o o s t e r , I ' m r e a l l y r e t i r e d , s o I c a n l o o k a t t h e w o r l d w i t h a d e t a c h e d e y e . And a s you know I ' m I t a l i a n .
You may n o t b e aware o f t h e f a c t t h a t t h e I t a l i a n s , t h r o u g h a l o n g h i s t o r y o f i n t e l l e c t u a l t r a d e w i t h t h e C h i n e s e , a s s i m i l a t e d from them a number o f b a s i c r e f l e x e s . Now t h e q u e s t i o n I have l e i s u r e l y b e e n a s k i n g m y s e l f i s w h e t h e r a l l t h i s c i r c u s o f Hydrogen Economy, Hydrogen f o r t h e F u t u r e , Hydrogen t h e Ecomate, i s a t r a n s i t o r y f a d o r h a s some meaning i n a l a r g e r c o n t e x t .
I f I w e r e American, I would s e t up a dynamic model o f t h e w o r l d economy and t r y t o g u e s s w h a t ' s t h e meaning o f hydrogen t h r o u g h t h a t model. N o t b e i n g American, I do n o t l i k e dynamic models--they t o o c l o s e l y r e s e m b l e c e m b a l o -p l a y i n g a u t o m a t o n s . So what I d i d do i
s what a n y w e l l -b r e d C h i n e s e would do.: l o o k i n t h e book o f h i s t o r y t o see w h e t h e r a p r e c e d e n t e x i s t s , and from t h a t p r e c e d e n t d e d u c e t h e f u t u r e --b e c a u s e h i s t o r y t e n d s t o r e p e a t i t s e l f , and p r e c e d e n t s c o n t a i n p h y s i o l o g i c a l i n f o r m a t i o n a b o u t t h e ways t h i n g s work i n t h e r e a l w o r l d .
So i n o r d e r t o s o l v e my problem I opened a v e r y l a r g e book:
t h e book o f N a t u r e , o r more p r e c i s e l y t h e book o f t h e E a r t h .
I w i l l t r y t o convey t o you t h e r e s u l t s o f my o b s e r v a t i o n s , o r , i f you l i k e , m e d i t at i o n and i n t e r p r e t a t i o n , a s books--and i n p a r t i c u l a r h i s t o r y books--have t o be i n t e r p r e t e d . T h i s is somewhat e q u i v o c a l b e c a u s e you may t h e n p u t what you l i k e i n t o them, b u t I w i l l t r y t o r a t i o n a l i z e my i n t e r p r e t a t i o n s o t h a t my p e r s o n a l f e e l i n g s w i l l n o t emerge. W e l l , t o b e g i n a t t h e b e g i n n i n g a s A l i c e s a i d , a b o u t f o u r b i l l i o n y e a r s ago t h e E a r t h s t a r t e d t o t a k e on what c a n b e c o n s i d e r e d t h e s o f t form o f i t s p r e s e n t s t a t e . I t w a s a w e l le s t a b l i s h e d p l a n e t i n t h e s o l a r s y s t e m , t h e c r u s t w a s s o l i d i f y i n g , and t h e b a s i c amount o f g a s e s , water i n p a r t i c u l a r , had a l r e a d y come o u t o f t h e d e g a s s i n g r o c k s . Our h i s t o r y t h e n starts f o u r b i l l i o n y e a r s a g o , o r --a s p h y s i c i s t s s a y --f o u r G-years ago.
The p r i m e v a l a t m o s p h e r e o f t h e e a r t h w a s e s s e n t i a l l y a r e d u c i n g o n e . T h i s may seem a p o i n t o f d e t a i l , b u t i t i s e x t r e m e l y i m p o r t a n t .
I c a n t e l l you i n a n t i c i p a t i o n t h a t most o f o u r m e t a b o l i s m i s b a s e d o n a c h e m i s t r y t h a t i s t y p i c a l o f a r e d u c i n g a m b i e n t j u o t b e c a u s a f o u r b i l l i o n y e a r s a g o t h e atmos p h e r e o f t h e e a r t h w a s a r e d u c i n g o n e .
The r e a s o n why t h e a t m o s p h e r e w a s i n a r e d u c i n g s t a t e i s t h a t t h e E a r t h a s a whole i s e s s e n t i a l l y i n a r e d u c e d s t a t e . You c a n t h i n k o f a l l t h e i r o n i n t h e c o r e o f t h e e a r t h a s m e t a l l i c i r o n , a n d i t i s n a t u r a l f o r t h e g a s e s coming o u t t o b e i n a r e d u c e d s t a t e , o r t o become reduced--e.g.
by t h e i r o n l y i n g around a t t h e s u r f a c e . T h i s a t m o s p h e r e was made up o f a v e r y c o m p l i c a t e d m i x t u r e o f g a s e s :
hydrogen, water, C02, n i t r o g e n , ammonia, hydrogen s u l p h i d e ; a n d t h e s u n was i n j e c t i n g i t s u s u a l amount o f r a d i a t i o n i n t o t h e system.
So v e r y p r o b a b l y t h e r e w a s a l s o a n a t m o s p h e r i c c i r c u l a t i o n , c l o u d s , r a i n and l i g h t n i n g , By v a r i o u s mechanisms, t h e e n e r g y i n t r o d u c e d by t h e s u n produced e x c i t a t i o n a n d r e a c t i o n s between t h e m o l e c u l e s o f t h e a t m o s p h e r e , and q u e n c h i n g p r e s e r v e d t h e p r o d u c t s e v e n i n none q u i l i b r i u m s t a t e s . One c a n t o some e x t e n t r e c o n s t r u c t what happened, f o r example by e l e c t r i c d i s c h a r g e s i n s u c h a m i x t u r e o f g a s e s , and g e n e r a t e a complex s e t o f m o l e c u l e s t h a t w e may c a l l o r g a n i c m o l e c u l e s b e c a u s e t h e y a r e v e r y s i m i l a r t o t h o s e produced by l i v i n g o r g a n i s m s .
A p a r t from e l e c t r i c d i s c h a r g e s , o t h e r p r o c e s s e s w e r e a c t i v e i n t h i s t r a n s f o r m a t i o n , t h r o u g h u l t r a v i o l e t l i g h t , t h e p r o t o n wind from t h e s u n , a n d e v e n h o t magma. And t h i s went o n and o n f o r a number o f y e a r s , l e t u s s a y h a l f a G-year, w i t h o u t a n y t h i n g new r e a l l y happening e x c e p t a c o n t i n u o u s i n c r e a s e i n t h e number o f t h e s e m o l e c u l e s concent r a t e d i n v a r i o u s c o n f i g u r a t i o n s . One may h a v e had t h e d i l u t e d s o l u t i o n s i n l a r g e s e a s , a n d t h e c o n c e n t r a t e d o n e s a n d e v e n p r e c i p i t a t e s i n l a k e s , where e v a p o r a t i o n a n d r a i n o p e r a t e d a s a k i n d o f s o x l e t . T h i s i s t h e " P r i m e v a l Soup".
The thermodynamic n o n -e q u i l i b r i u m o f t h i s b r o t h , c o n s e r v e d b y k i n e t i c h i n d r a n c e s , c o n s t i t u t e d a n e g e n t r o p y dowry t h a t g a v e p u r p o s e t o a s t u t e m a n i p u l a t o r s . And t h e immense c o m p l e x i t y a n d p o t e n t i a l o f o r g a n i c c h e m i s t r y g a v e them a c h a n c e . Although w e have a f a i r l y s a t i s f a c t o r y l o g o f i n f o r m a t i o n from g e o l o g i c a l e v i d e n c e , from t h e immense c a p a c i t y o f l i v i n g o r g a n i s m s t o cons e r v e i n f o r m a t i o n , a n d from c o n t i n u i t y , what happened i s i n many ways o b s c u r e and c e r t a i n l y p e r p l e x i n g : some o f t h e m o l e c u l e s banded t o g e t h e r t o r o b o t h e r m o l e c u l e s o f t h e i r f r e e e n e r g y i n o r d e r t o s u p p o r t and r e p r o d u c e t h e i r o r g a n i z a t i o n .
What t h e s e " c a t a l y s t s " l o o k e d l i k e i s a f a i r g u e s s , e v e n i f t h e r u l e s o f c h e m i s t r y and of c o n t i n u i t y g r e a t l y r e s t r i c t t h e r a n g e o f p o s s i b l e c o n f i g u r a t i o n s .
I l i k e t o see them a s p r o t ov i r u s e s p i l f e r i n g i n c o n c e n t r a t e d p o o l s o f soup a s t h e y now e x p l o i t t h e p r o t o p l a s m o f c e l l s .
T h i s was p r o b a b l y t h e most momentous p e r i o d i n t h e whole e v o l u t i o n o f l i f e . The b a s i c t e c h n o l o g y w a s c r e a t e d and e s t a b l i s h e d , and t h e b a s i c i n v e n t i o n o f t h e f o u n d i n g f a t h e r s s t i l l c o n s t i t u t e s t h e core o f o u r m e t a b o l i s m . W e , t h e man, are
b a s i c a l l y a n a e r o b i c f e r m e n t e r s w i t h a n " i n b o a r d " r e s p i r a t o r y system.
The c o n s e q u e n c e s o f t h e t e c h n o l o g i c a l b r e a k t h r o u g h are e a s y t o p r e d i c t :
f a s t e r a n d f a s t e r p o p u l a t i o n g r o w t h , and e x h a u s t i o n o f t h e r e s e r v e s t h a t a b i o t i c p r o c e s s e s had a c c u m u l a t e d i n t h e p r i m e v a l b r o t h .
I n t h i s M a l t h u s i a n s i t u a t i o n o n e c a n e a s i l y imagine t h e s t r u g g l e f o r new b i o l o g i c a l n i c h e s --t r i c k s f o r e x t r a c t i n g n e g e n t r o p y from more and more s o p h i s t i c a t e d m o l e c u l a r s c r a m b l e s a n d more a n d more and more d i l u t e d s o l u t i o n s .
The a n a l o g y w i t h t h e l a s t 200 y e a r s o f t h e e v o l u t i o n o f o u r s o c i e t y are s t r i k i n g , and you a r e p r o b a b l y b u r n i n g t o know what happens t h e n . F i n a l d i s a s t e r t o c o m p l e t e d e s t r u c t i o n o f t h e b i o s y s t e m ? "Black d e a t h " , r e d u c i n g t h e l e v e l o f l i f e t o t h e l e v e l o f n a t u r a l i n p u t o f f e r m e n t a b l e m o l e c u l e s ? Development o f "communes" c h a r a c t e r i z e d by l e s s t e c h n o l o g i c a l l y a g g r e s s i v e b e h a v i o r a n d s t a b l y f i t t e d i n t o e c o n i c h e s such a s i s o l a t e d l a k e s ?
No.
A c t u a l l y t h e f i r s t h a l f b i l l i o n y e a r s of r a p a c i o u s a r c h e o -c a p i t a l i s t i c e x p l o i t a t i o n o f p r i m a r y and non-renewable r e s o u r c e s o f s o u p had a l s o g e n e r a t e d something p o s i t i v e and o f l a s t i n g v a l u e : a n enormously s o p h i s t i c a t e d t e c h n o l o g y , f l e x i b l e and c a p a b l e o f e v o l u t i o n --t h e t e c h n o l o g y o f l i f e . I t i s t h i s
t h a t b r o u g h t t h e t e c h n o l o g i c a l f i x t o t a p a new l a r g e s o u r c e o f n e g e n t r o p y .
The 300,000 TW o f f r e e e n e r g y t h e s u n p o u r s o v e r t h e E a r t h were t h e o b v i o u s c a n d i d a t e s o u r c e , a l t h o u g h t h e u l t r a v i o l e t component o f s u n l i g h t , n o t y e t f i l t e r e d by t h e ozone l a y e r , was an e x t r e m e r a d i a t i o n h a z a r d f o r l i v i n g o r g a n i s m s t o d e a l w i t h , g e n e t i c damage b e i n g t h e l e a s t t h i n g t h a t c o u l d happen and d e a t h t h e e a s i e s t . S i t t i n g o n t o p o f t h r e e e x t r a G-years w e c a n s a f e l y s a y t h a t t h e r e a r e o t h e r p o s s i b i l i t i e s .
One o f them i s t o e x p l o i t f i s s i o n o r f u s i o n , b u t i n o r d e r t o g e t t o t h a t t h e s y s t e m s t i l l had t o go t h r o u g h t h r e e f u n d a m e n t a l b r e a k t h r o u g h s :
t h e e u c a r y o t i c o r g a n i z a t i o n , s e x , a n d l a n g u a g e . E u c a r y o t i c o r g a n i z a t i o n b r o u g h t f o r m a l l y a c e n t r a l i z a t i o n and r a t i o n a l i z a t i o n o f f u n c t i o n s i n t h e c e l l , b u t s u b s t a n t i a l l y t h e c a p a c i t y t o m a n i p u l a t e and c o n t r o l amounts o f i n f o r m a t i o n l a r g e r by v a r i o u s o r d e r s o f magnitude.
Sex g a v e t h e p o s s i b i l i t y o f t r a n s f e r r i n g g e n e t i c i n f o r m a t i o n t r a n s v e r s a l l y , a c r o s s t h e s p e c i e s , making t h e t o t a l g e n e t i c p o o l a v a i l a b l e f o r recombinat i o n . T h i s enormously i n c r e a s e d t h e s p e e d o f e v o l u t i o n , and h i e r a r c h i c a l l y o r g a n i z e d c e l l s y s t e m s e v o l v e d up t o mqn i n a mere G-year.
Language p l a y s a s i m i l a r r o l e , b u t e v o l u t i o n c a n now t a k e a l y s e n k o v i a n c h a r a c t e r a n d a p p l i e s e s s e n t i a l l y t o a k i n d o f human e c t o p l a s m :
t h e machine.
Coming back t o o u r d e s p e r a t e and courageous guys--the b a c t e r i a --t h e y r e a l l y had no o p t i o n b u t t h e sun o r b u s t . But how d i d t h e y manage? One of v a r i o u s t r i c k s i n v e n t e d d u r i n g t h e i r " i n d u s t r i a l r e v o l u t i o n " was t o s e p a r a t e t h e system
c a p a b l e o f e x t r a c t i n g f r e e e n e r g y f r~m t h e e x t e r n a l m o l e c u l e s from the' system u s i n g t h i s e n e r g y . ' The s e p a r a t i o n was made by a c t i v e chemi-osmotic membranes g e n e r a t i n g an e n e r g e t i c p r o d u c t which i n i t s a c t i o n v e r y much resembles e l e c t r i c i t y : a d e n o s i n t r iphosphate. T h i s e x t r a o r d i n a r i l y i m p o r t a n t and e x t r a o r d i n a r i l y " a r c h a i c " e n e r g y c a r r i e r i s c e r t a i n l y worth a d i g r e s s i o n . I t was t h e b a s i c e n e r g y carrier between t h e machinery o p e r a t i n g t h e t r a n sh y d r o g e n a t i o n and t h e l i v i n g machinery s y n t h e s i z i n g e . g . DNA and p r o t e i n s .
The r a t i o n a l e i s t h a t t h e i n c r e a s i n g c o m p l e x i t y o f t h e mechanisms o f l i f e w a s i s o l a t e d from t h e c h a r a c t e r i s t i c s o f t h e v a r i o u s primary e n e r g y s o u r c e s , j u s t a s e l e c t r i c i t y " i s o l a t e s " a computer from c o a l and o i l c h e m i s t r y .

The s i m i l a r i t i e s o f a d e n o s i n t r i p h o s p h a t e (ATP) t o e l e c t r i ci t y appear i n v a r i o u s ways. F i r s t , it i s a c y c l i n g molecule. I , t i s made a t a p h o s p h o r y l a t i n g membrane ( t h e f u e l c e l l ! ) by a t t a c h i n g a phosphate i o n t o a d e n o s i n d i p h o s p h a t e (ADP) . T h i s r e q u i r e s a b o u t 8 Kcal/mole. I t t h e n r e v e r t s t o ADP a t t h e b u s i n e s s end.
Now t h i s chemical c i r c u l a t i o n i s e x t r e m e l y f a s t , a l m o s t l i k e t h a t of e l e c t r o n s i n a conductor.
J u s t t o g i v e an i d e a , a man produces h i s weight o f ATP e v e r y day, and consumes it: t h e amount of ATP p r e s e n t i n o u r body i s j u s t a few grams. For b a c t e r i a t h e r a t e can be a thousand t i m e s h i g h e r .
ATP i s a kind o f DC e l e c t r i c i t y , and Edison would be happy w i t h i t , a s i t o p e r a t e s a t a s i n g l e v o l t a g e of a b o u t . 1 5 V .
T h e r e a r e no t r a n s f o r m e r s and c o n s e q u e n t l y i t i s -n o t v e r y t r a n sp o r t a b l e . I t i s i n f a c t g e n e r a t e d and consumed a t t h e l e v e l o f t h e c e l l t r a v e l l i n g o n l y a few microns. A r e a c t i o n r e q u i r i n g a h i g h e r " v o l t a g e " i s g r a d e d i n a s e r i e s of i n t e r m e d i a t e s t e p s , e a c h o f them o p e r a b l e by ATP.
The breakthrough t h a t l e d t o t h e e x p l o i t a t i o n of l i g h t w a s t h e d i s c o v e r y t h a t p h o t o s e n s i t i v e pigments c o u l d b e a s s o c i a t e d w i t h t h e p h o s p h o r y l a t i n g membrane, s o t h a t t h e pumping of e l e ct r o n s ( o r b e t t e r p r o t o n s ) n e c e s s a r y t o make ATP c o u l d be done through t h e a b s o r p t i o n of q u a n t a of l i g h t .
I n t h i s way phosp h o r y l a t i o n , i.e. p r o d u c t i o n o f ATP, c o u l d t a k e p l a c e i n t h e a b s e n c e o f f e r m e n t a t i o n .
The f u e l c e l l had become a photoe l e c t r i c c e l l : p h o t o s y n t h e t i c b a c t e r i a had been i n v e n t e d .
~h o t o s e n s i t i v i t y must have been around f o r a w h i l e , a s a s p e c i a l c a s e o f chemical s e n s i t i v i t y . I t was o b v i o u s l y a n a d v a n t a g e t o move i n t h e r i g h t d i r e c t i o n a c r o s s t h e c o n c e n t r at i o n g r a d i e n t s o f t h e soup, and a s it came down from t h e atmosphere, t h e soup was r i c h e r n e a r i t s s u r f a c e . But l i g h t , n o t f i l t e r e d o f i t s u l t r a v i o l e t i n t h e r e d u c i n g atmosphere, was
a k i l l e r , and had t o b e a v o i d e d . The new t r i c k was r e a l l y a r e l a t i v e l y s i m p l e i n v e n t i o n , b u t o f sweeping i m p o r t a n c e .
I n c i d e n t a l l y , a s i n g l e s p e c i e s o f b a c t e r i a ( p e r h a p s a l i v i n g f o s s i l ) s t i l l u s e s a v i s i o n r e c e p t o r , r e t i n a l , f o r p h o s p h o r y l at i o n .
The l a b o r a t o r y -r i g g e d p h o t o c e l l soon became a n a p p a r a t u s o f i n t r i c a t e s t r u c t u r e and h i g h e f f i c i e n c y , b u t t h i s i s j u s t d e v e lopment.
The key i s s u e i s t h a t s u n l i g h t w a s t a p p e d . W e too have t a p p e d n u c l e a r e n e r g y by making e l e c t r i c i t y f i r s t , f o r v e r y s i m i l a r r e a s o n s .
So " e l e c t r i c i t y " was produced by a p h o t o c e l l , a n d t h e f r e ee n e r g y u m b i l i c a l l i n k w i t h t h e p r i m e v a l s o u p was s e v e r e d .
However, i f you k e e p growing o t h e r boundary c o n d i t i o n s w i l l pop u p , a n d t h e n you a g a i n s t a r t h a v i n g p r o b l e m s , a s t h e C l u b o f R o m e k e e p s r e m i n d i n g u s .
The n e x t problem was a m a t e r i a l s procurement o n e : g e t t i n g enough b u i l d i n g m a t e r i a l t o make t h e b i o m a s s grow. 
Now by f a r t h e l a r g e s t amount o f c a r b o n a v a i l a b l e w a s i n t h e form o f c a r b o n d i o x i d e , and s o t h e n e x t s t e p was t o t r y t o r e d u c e c a r b o n d i o x i d e .
The b a s i c machinery a l r e a d y e x i s t e d : b a c t e r i a had l o n g u s e d hydrqgen, a v a i l a b l e from t h e a t m o s p h e r e o r from p a r t i a l f e r m e n t a t i o n , t o r e d u c e C02 t o methane. So t h e r e a l problem was t o f i n d a new s o u r c e o f hydrogen.
A s u b s t r a t e f r o m w h i c h hydrogen c a n b e e x t r a c t e d r e l a t i v e l y e a s i l y i s hydrogen s u l p h i d e , a n d b a c t e r i a r a p i d l y f o u n d a way t o t h a t . Most o f t h e s u l p h u r r e s e r v e s w e are m i n i n g now a r e j u s t t h e t a i l i n g s o f t h i s o p e r a t i o n . What t h e b a c t e r i a were u n a b l e t o d o , however, w i t h t h e i r l o w -v o l t a g e DC--that i s , ATP produced by photophosphorylation--was t o e x t r a c t hydrogen from w a t e r , l i b e r a t i n g oxygen a s t h e y l i b e r a t e s u l p h u r , a n o p e r a t i o n t h a t i s a n o r d e r o f m a g n i t u d e more d i f f i c u l t . Now b a c t e r i a t r y i n g t o e x t r a c t hydrogen from w a t e r by u s i n g l i g h t were i n a s i t u a t i , o n e x t r a o r d i n a r i l y s i m i l a r t o o u r s i n t r y i n g t o s p l i t w a t e r u s i n g n u c l e a r h e a t . A s i n g l e p h o t o n , e v e n o f b l u e l i g h t , had i n s u f f i c i e n t e n e r g y t o pump a n atom o f hydrog e n o u t o f t h e w a t e r , j u s t a s t h e t e m p e r a t u r e o f o u r r e a c t o r s , e v e n HTR, i s i n s u f f i c i e n t t o c r a c k water t h e r m a l l y . Rut t h e restless e x p l o r a t i o n f o r new t e c h n i q u e s f i n a l l y l e d t o t h e s o l u t i o n .
What t h e g e n i u s o f t h e e r a h i t upon was t h e s i m p l e a n d e f f i c i e n t i d e a o f a two-.step p h o t o c h e m i c a l p r o c e s s t o decompose w a t e r !
The new organism--the p l a n t --c o u l d now draw from t h e " i n f i n i t e " r e s o u r c e s o f w a t e r , c a r b o n d i o x i d e and s u n l i g h t . So you see, by g o i n g from a s i n g l e -s t e p p h o t o e l e c t r i c p r o c e s s t o a t w o -s t e p p h o t o c h e m i c a l p r o c e s s a q u i n t e s s e n t i a l b r e a k t h r o u g h was r e a c h e d i n t h e l i v i n g o r g a n i s m : i n d e p e n d e n c e , e n e r g e t i c i n d e p e n d e n c e a n d m a t e r i a l s independence--and t h e u m b i l i c a l l i n k w i t h t h e p r i m e v a l s o u p w a s f i n a l l y s e v e r e d .
The problem o f e n e r g y s t o r a g e a n d t r a n s p o r t a t i o n , so i m p o r t a n t l a t e r o n f o r t h e development o f complex o r g a n i s m s , w a s a l s o s o l v e d a t t h i s p o i n t , a s p l a n t s u s e d t h e hydrogen t o s y n t h e s i z e c a r b o h y d r a t e s a n d f a t s . One i s t e m p t e d t o c a l l them s y n t h e t i c f u e l s .
C u r i o u s l y enough, o n e o f t h e ways e x p l o r e d by photos y n t h e t i c b a c t e r i a f o r e x t r a c t i n g hydrogen from water, a n d o c c a s i o n a l l y u s e d by them e v e n t o d a y , r e q u i r e d a n oxygen a c c e p t o r t o b e t a k e n from t h e s o u p and s t r i c t l y r e s e m b l e s n u c l e a r -a s s i s t e d steam r e f o r m i n g o f n a t u r a l g a s , o r coal g a s i f i c a t i o n , b o t h o n e -s t e p p r o c e s s e s .
One o f t h e s i d e e f f e c t s o f t h i s b r e a k t h r o u g h was t h a t immense amounts o f oxygen w e r e l i b e r a t e d .
These s l o w l y changed t h e e s s e n t i a l n a t u r e o f t h e p r i m e v a l a t m o s p h e r e , t r a n s f o r m i n g it from a r e d u c i n g t o a n o x i d i z i n g o n e .
But t h e change w a s n o t o n l y c h e m i c a l . Most i m p o r t a n t , t h e p r e s e n c e o f f r e e oxygen i n t h e a t m o s p h e r e b r o u g h t w i t h it a c h a n g e i n t h e n a t u r e o f t h e l i g h t r e a c h i n g t h e s u r f a c e o f t h e E a r t h .
A s I s a i d b e f o r e , i n a r e d u c i n g a t m o s p h e r e t h e u l t r a v i o l e t t a i l o f t h e s o l a r l i g h t r e a c h e d t h e s u r f a c e o f t h e E a r t h a n d would have d e s t r o y e d t h e a l r e a d y s o p h i s t i c a t e d c h e m i c a l mechanisms o f t h e p r o t ob i o n t s .
They had t o t h r i v e i n t h e w a r m womb o f t h e o c e a n .
What t h e oxygen b r o u g h t was a f i l t e r i n g o f t h e s h o r t UV by t h e f o r m a t i o n o f a n o z o n e l a y e r i n t h e s t r a t o s p h e r e . Now l i v i n g o r g a n i s m s c o u l d f i n a l l y come o u t o f t h e w a t e r and conq u e r t h e l a n d . T h i s c a n b e viewed i n a n o t h e r way; l C f e hud grown t o t a k e c o n t r o l o f t h e entrironment on a g l o b a l s c a l e , a n d s t i l l h o l d s it f a s t .
To g i v e o n e example o f many, n i t r o g e n i s n o t a t e q u i l i b r i u m i n t h e a t m o s p h e r e a s it c a n combine w i t h oxygen and w a t e r a n d W i t h o u t a g l o b a l c o u n t e r a c t i o n t h e o c e a n would become a h o r r i b l e p i c k l e a n d l i f e would b e d e s t r o y e d . The h o m e o s t a t i c f e e d b a c k comes from a g e o e n g i n e e r i n g o p e r a t i o n of b a c t e r i a , l i v i n g i n t h e o o z e a t t h e o c e a n b o t t o m or i n t h e mud o n l a n d , which u s e t h e n i t r o g e n o x i d e s d i f f u s i n g t h e r e t o o x i d i z e o r g a n i c m a t e r i a l s i n t h e ooze. So oxygen i s g i v e n b a c k a s C 0 2 , and n i t r o g e n a s s u c h . Many s u c h h o m e o s t a t i c f e e d b a c k s a r e o p e r a t e d by t h e b i o s p h e r e , and t h i s k e e p s o u r e a r t h l i v e a b l e .
NOW, i f humanity s t a r t s p r o d u c i n g hydrogen from w a t e r u s i n g "new" s o u r c e s o f f r e e e n e r g y --f i s s i o n , f u s i o n , o r p e r h a p s d i r e c t l y t a p p i n g t h e o l d sun--and moves away from f o s s i l f u e l s , which i n my a n a l o g y are t h e e q u i v a l e n t o f t h e p r i m e v a l s o u p , what k i n d o f new c o n t r o l o f t h e e n v i r o n m e n t c a n o c c u r a s by-
